This paper examines public valuations of mortality risk reductions. We set up a theoretical framework that allows for altruistic preferences, and subsequently test theoretical predictions through the design of a discrete choice experiment. By varying the tax scenario (uniform versus individual tax), the experimental design allows us to verify whether pure altruistic preferences are present and the underlying causes. We find evidence of negative pure altruism. Under a coercive uniform tax system respondents lower their willingness to pay possibly to ensure that they are not forcing others to pay at a level that corresponds to their own -higher -valuations. This hypothesis is supported by the observation that respondents perceive other individuals' valuations to be lower than their own. Our results suggest that public valuations of mortality risk reductions may underestimate the true societal value because respondents are considering other individuals' welfare, and wrongfully perceive other people's valuations to be low.
Introduction
The contingent valuation method was initially developed in the US, and has been increasingly used since the late 1960s. Fundamentally, the underlying reason for the rise of stated preference methods has been the acknowledgement that substantial portions of willingness to pay (WTP) were not reflected in the observed market prices of (in the first instance) environmental goods. Stated preference methods (SP) have since developed considerably, including an increased application of discrete choice experiments (DCEs), and the use of SP for valuing other types of goods such as transport, food and health. However, the use of stated preference valuation for policy purposes has been widely debated (Diamond and Hausman 1994; Jones-Lee 1989; Lindhjem et al. 2011) . In the present SP study we focus on one specific issue that has been raised in the literature; the question of whether pure altruism is included in the general public's valuations of safety. Altruistic preferences imply a nonselfish concern for others and arise when the mortality risk reduction can be considered a public good (where a public good is defined as a good which is freely accessible to all citizens and non-rival and non-excludable). Altruistic preferences can be divided into two types according to which components of the others' utility that enter into the individual's utility function; safety-focused altruism and pure altruism (the latter is also a special case of what in the literature is referred to as paternalistic altruism). Safety-focused altruism is present when individuals only value the risk reduction obtained by others and not other factors entering into others' utility function. Pure altruism -arises when individuals are instead concerned with the general welfare of others. In contrast to safety-focused altruism pure altruism can take either a positive or a negative net-value. For instance, in the case of tax based public initiatives, an individual may be concerned about coercing others into having to pay for a public initiative they perhaps do not value. This may imply that the individual will state a lower willingness to pay than when the risk reduction is of a private nature.
Alternatively, an individual may express a higher willingness to pay for allowing others access to the good, which they otherwise could not afford. The inclusion of pure altruistic preferences in SP studies can be problematic if there is imperfect knowledge of others' benefits, and if costs to others are not (or only partly) considered in the valuation.
The aim of this paper is to examine the public valuation of increased safety by setting up a theoretical framework and subsequently testing predictions via a stated preference experiment. We use traffic safety as case, but the conclusions are generalisable. We test whether the valuation includes elements of pure altruism and whether the net impact of pure 3 altruistic preference can be explained by individual's perception of others' WTP for improved traffic safety. To investigate the potential comparability of our survey results with previous findings in the literature, we also test whether we can replicate the finding that public valuations are less than or equal to private valuations in the context of traffic safety using the same methodology that has been applied in the literature to date.
Our motivation for conducting this study is that WTP for own risk reductions often generates higher valuations than WTP for own and others' risk reductions via taxes (Johannesson et al. 1996 , Hultkrantz et al. 2006 Andersson and Lindberg 2009; Svensson and Johansson 2010; de Blaeij et al. 2003 ). The observation is based on a small empirical literature that involves testing for differences in valuations of mortality risk reductions in the context of traffic, which ideally only differ with respect to the payment vehicle applied: income tax levies for public investments (used for investing in roads, traffic lights, signage etc.) or out-of-pocket payments for safety devices for the individual (such as air bags, more sophisticated seat belts etc.). Out-of-pocket payments for such items will elicit private value only, whereas income tax levies will disclose citizen's preferences, i.e. individual preferences that potentially involve altruism. Henceforth we refer to private and public valuations, respectively. In contrast, Arana and Leon (2002) and Pedersen et al. (2011) found that public valuations for risk reduction obtained via health programs were higher than private valuations. These findings together with survey results in Viscusi et al. (1988) suggest that public WTP may include positive value associated with altruistic preferences, but that this positive value in some cases may be overshadowed partly by attitudes towards public and private provision of risk reducing interventions (an explanatory factor identified in Svensson and Johansson (2010) ). We propose that an additional explanation could be the prevalence of a negative altruistic component in public valuations. Given that the value of safety per se is only equal to or greater than zero (ruling out any type of envy and resentment), altruism with a negative sign can only be present if respondents not only care about the safety of other, but also about other consequences that factor into the utility function, such as coercive payments.
Although stated preference methods, which apply tax as a payment vehicle seldom explicitly state that the tax is uniform and coercive, respondents are likely to interpret the vehicle in this way since in most countries tax is not voluntary nor based on individuals' willingness to pay.
Theoretical models in this field have analyzed altruism under a tax-regime in which every individual pays according to their WTP and as such are not coerced into paying (Jones-Lee (1991; 1992 ) Johansson (1994 . In this paper, we will extend these models to analyse altruism 4 empirically within the realm of a theoretical model where the tax rate is uniform and in effect coercive. Additionally, our study is different to those previously conducted in the field on two counts.
First, in our study we specifically test for a framing effect. Framing effects (Tversky and Kahneman1981) may play a role if differences in descriptions trigger affective reactions (Heberlein et al. 2005) . It is a challenge to present a public and a private good holding all other characteristics constant in order to avoid affective reactions. Prior studies, which have attempted to hold all things equal in order to isolate the altruistic component, may have succeeded to different degrees. For example, in the paper by Svensson and Johansson (2010) the private good on offer was a "safety device" whilst the public good was a "public road safety investment". These are essentially very different goods. Public road safety may involve longer travel time if it involves stricter speed limits, and a safety device may not avoid an accident, but merely alleviate the health consequences. Second, our study specifically explores respondents' view on others' willingness to pay for safety, in order to verify whether the net impact of potential pure altruistic preferences under a uniform tax-regime may be driven by respondents' perception of others' valuations. To this end we apply a question format equivalent to that of the inferred valuation approach (Lusk and Norwood 2009) , where individuals are asked to express the valuations of the average citizen.
In the remainder of the paper we initially present the theoretical foundation of our empirical approach. This is followed by a description of the survey that was conducted, and our analytical strategy. Results are then presented and discussed.
Theoretical foundation
Using income tax levies may often be the only realistic and relevant payment vehicle to apply in a stated preference task if the safety initiative is a public good. This payment vehicle may generate valuations that include altruistic preferences. According to the philosopher Thomas Nagel (1970) , altruism constitutes a willingness to act in the consideration of the interests of other persons, without the need of ulterior motives. As explained by Andreoni et al. (2003) it may or may not imply sacrifice on one's own part, but it does require that the consequences for someone else affect one's own choice.
Individual preferences for a public good may include altruism, and this altruism may be characterised as being pure or safety-focused (the latter is also a special case of what in the literature is referred to as paternalistic altruism). In two articles, Jones-Lee (1991; 1992) derives the valuation of a change in mortality risk in the presence of different kinds of altruism and under a tax-regime in which every individual pays according to her WTP. In his papers he distinguishes between: a) pure selfishness (the assumption in standard economic models); b) safety-focused altruism (in which altruism relates only to other people's safety); and c) pure altruism (where people in addition to their own well-being are concerned about other people's utility). If an individual is a pure altruist, her public valuation (individual preferences inclusive of altruism) could be higher/lower than her private valuation depending on her predictions of other individuals' net benefit (i.e. the net impact of an increase in the probability of avoiding a fatility and the costs). In contrast, the presence of safety-focused preferences can only impact positively on valuations of public programmes that increase safety. Based on Jones- Lee (1991; 1992) and Johansson (1994) a more formal development of these thoughts is depicted as follows:
Consider a society of individuals and suppose there is a policy proposal increasing the probability (p) of avoiding a fatal incident from 0 to 1 for individual i = 1, . . . The withproject utility for individual i is defined 1 whereas the without-project utility is defined 0 .
The cost of the intervention is in this development uniform and denoted t for all individuals.
For this development, tax t is assumed to be uniform for simplification, but could in principle be generalized to t j ≠WTP j. . The important difference to the theoretical models by Jones-Lee (1991; 1992) and Johansson(1994) is that t j = WTP j no longer holds. For simplicity we assume that the utility function consists of two components; the survival probability and income (y). The with-project utility for individual i for each of three types of individuals is therefore given by:
The selfish individual who is only concerned about own utility:
The safety-focused altruistic individual who is concerned about others' safety:
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The pure altruistic individual who is concerned about others' utility:
Eq 3 presupposes that i is well informed about j's preferences (an assumption which will be discussed later). In all cases individual i will accept the proposal if the above utility level is at least as high as the without-project utility ( 1 ≥ 0 ). A safety-focused individual would only be interested in how other individuals' safety is affected, and thus her utility function would include 1 for at least one ≠ . Since > 0 public valuations that include safetyfocused altruism should always be greater than private valuations amongst safety-focused altruistic individuals.
For the pure altruist i in Eq 3, there are three possible outcomes depending on how wellinformed i is about j; 1) the pure altruist i (wrongly) ignores the fact that j will have to pay for safety (or predicts that ( 1 − 0 ) > − ) and hence i expresses WTP public > WTP private.; 2) the pure altruist i cares for e.g. a low-income earner j and realises that j will have to pay t and predicts that ( 1 − 0 ) < − . Hence i states WTP public < WTP private ; 3) the pure altruist i is told that j will have to pay exactly what the safety improvement is worth to j (t j =WTP j ). Since net-benefit to j is zero for all j, i expresses WTP public = WTP private.
In effect, the purely altruistic individual i is (in addition to her own self-interest) steered by the net impact of p and t on other individuals that he cares for, i.e. the predicted sign of
The role of pure altruism and safety-focused altruism in valuations of public goods has been debated at length in the literature. Jones-Lee (1991 , 1992 and Bergstrom (2006) 
We randomise respondents to willingness to pay questions that exclude and include this phrase in order to test for the presence of pure altruism, and to decipher whether the elimination of this component of the utility function increases or decreases the valuation of the programme. If the impact of allowing everybody to pay according to their WTP increases (decreases) the valuation, this is sign of prevalence of negative (positive) pure altruism (and an indication that costs to others are indeed considered).
We complement the test for pure altruism by asking a different sample of respondents to predict other individuals' choices. Respondents are presented with a similar discrete choice experiment, but are in each choice task asked to indicate which alternative they believe the average citizen would choose. We expect respondents' prediction of other individuals' preferences to be directly related to the sign and magnitude of pure altruism, since these choices indicate individual i's predicted value of
. One explanation for the exhibition of negative pure altruistic preferences could be that the individual expects other individuals to place a lower value on the risk reduction (thus lowering WTP not to force other into paying for something of less value to them). To support the notion of negative pure 8 altruistic preferences we would therefore expect the average individual to predict other citizen's valuation of the good to be lower than her own valuation (i.e. WTP predicted_public < WTP public).
Methods and materials
A discrete choice experiment (DCE) was conducted in May 2013 using an internet panel. The survey was tested in an online pilot study (n=200) in the autumn 2012. One purpose of the pilot study was to test different levels and intervals of the price attribute in the discrete choice experiment. The design was amended afterwards based on the results of the pilot study.
The final questionnaire was in an interactive web-designed format where respondents were initially asked some introductory warm-up questions related to their own traffic behaviour.
Respondents were then informed about the baseline traffic mortality risk i.e. that in recent years, 240 Danes have died in the traffic every year. This was followed by a more detailed explanation of the risk stating that since there are 5.5 million people in Denmark, every year 4 individuals out of 100,000 will die in a traffic accident. That is, on average every Danish citizen has an annual risk of 4 in a 100,000 of dying in a traffic accident. It has been suggested that in a stated preference survey a verbal probability analogy is a good supplement to numerical probabilities (see Corso et al. 2001, Hammitt and Graham 1999) . Therefore, to put the numbers into perspective, the respondents were also told that 100,000 represents the number of people living in Aalborg (the fourth largest city in Denmark) and that this means that every year on average four people will die in the traffic in Aalborg. The respondents were also given the information that 100,000 is twice the number of seats in "Parken" (the national football stadium in Copenhagen).
Subsequently, respondents were presented with 10 choice sets consisting of two alternatives and an opt-out ("no intervention"). A D-efficient Bayesian design was conducted using
Ngene software with priors from the pilot study (ChoiceMetric 2009) . This lead to a final design with a total of 10 choice sets consisting of two hypothetical alternatives (A and B) and one opt-out (i.e. no initiative). Each respondent received all 10 choice sets.
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The DCE comprised two attributes only: 1) the annual mortality risk reduction including information about the equivalent number of lives saved (in selected scenarios); and 2) a price attribute. The attributes and corresponding levels are shown in Table 1 below. The respondents were asked to consider the value of a 10-year traffic safety intervention. The risk reduction was an annual risk reduction, which would be in place for a period of 10 years. The minimum payment period was also 10 years. The 10-year time horizon was introduced to reflect realism, and to promote more serious judgments when valuing the traffic intervention.
That the intervention is binding for a period of 10 years makes the budget impact more long term and the choice more permanent. Respondents were randomised into a total of six survey splits. The same experimental design was used for all three variations of the survey and included the attributes levels listed in Table   1 . In addition Table A1 and A2 in the Appendix provides two examples of choice sets as presented to respondents. To test whether the valuation includes elements of pure altruism, respondents were randomised to one of three splits (A to C). Table 2 presents the variations applied across formats A to C.
The additional text in the public setting in Split B is shown in Box 1. This was included in order to highlight that all individuals pay according to their own valuation excluding any negative effect of enforcing others into paying. The predicted valuation 1 in Split C was phrased as shown in Box 2.
In addition we wanted to test whether we could replicate the prior observation in the literature that public valuations are lower than private valuations. To test for whether the private valuation is less than or equal to the public valuation, respondents were randomised into three additional survey splits. Table 3 presents the variations applied across formats D to F. The initiatives (both private and public) were described in a manner so as to reduce disutility associated with the intervention per se. For example, the mentioning of lower speed limits may initiate strong reactions among some respondents and was therefore not used as an example. The descriptions were such that the initiatives would generate very little change to the mobility and comfort of road users.
Prior to the 10 choice sets, respondents were presented with a short version of a cheap talk script which not only focused on increasing the validity of the WTP response by referring to the concept of opportunity cost, but also stressed the existence of alternative types of risk that one could alternatively pay for.
Analytical strategy
To test whether public preferences include elements of pure altruism, we test for difference in marginal WTP estimates for a risk reduction between split A and B according to the following hypothesis: To examine the validity of our survey instrument against previous results in the field, we test whether we find that public valuations are less than or equal to private valuation. This is done comparing WTP across splits D and E. Survey splits D and E involve different scenario descriptions (public initiative versus private safety equipment). To examine whether type of intervention affects valuation we subsequently test for the impact of this potential framing effects using survey splits A and F (which involved holding payment vehicle constant). Note that we do not expect similar valuations when the benefits are expressed differently, hence D and E cannot compared directly with A, B, C and F. Note that testing for differences in marginal WTP is identical to testing for differences in Value of Statistical Life (VSL)
estimates across splits, where VSL is estimated as the individual's WTP divided by the risk change.
Econometric specification
The DCE is based in random utility theory and probabilistic choice modelling (McFadden 1974) . Data was analysed using the error component logit specification (belonging to the family of mixed logit models) following Train (2003) . Separate models were estimated for each survey split. The utility function U for individual i of alternative n and choice set j is specified as
where α is the alternative-specific constant for the status quo (specified as choosing no intervention), β the parameters for each of the two attributes, and the error termed assumed independent and identically distributed (IID) with type I extreme value distribution. Finally,
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is a random term with zero mean and error component E denoting the alternative specific random individual effects. By applying this model specification we account for substitution Data is analysed using Stata software.
Results
The sample was obtained from the Nielsen Company's online database in May 2013. In the present survey, we included panel members in the age group 18-80 years. The response rate in the survey was 17% resulting in a sample of 1200 equally split across the six survey splits.
The completion rate was 77%. No significant pattern was found in the difference in household income, age and gender across the six survey arms. Our sample was representative for the adult general Danish population with respect to age and gender (but not household size, income and education).
All coefficients in the regression models (the restricted as well as the unrestricted) are significant at p<0.01 and with the expected signs (positive for risk reduction, negative for price, and negative for the status quo). The error component coefficient is significant in all models indicating, as expected, a higher unobserved variability in the choice of intervention treatments relative to status quo (regression results are available from authors on request).
Estimated WTP for a 1/100,000 risk reduction for each survey split (A-F) are presented in Table 4 . We present WTP based on the marginal rate of substitution with and without the alternative specific constant fixed at zero. ). This suggests that the private and public initiatives in the present study have been described in a manner that does not generate different degrees of affect implying that our result (split D versus E) is not caused by framing of the initiatives.
Discussion
Overall the valuations elicited in the present study appear robust. In all splits (A to F) respondents exhibit sensitivity to scope. Moreover, the level of VSL estimates are all within the interval observed more recently in the literature (Lindhjelm et al 2011) . A review of all empirical Swedish VSL estimates (based on revealed and stated preferences) found a large spread in VSL estimates from 9 to 1121 million SEK (10-1300 million DKK) (Hultkrantz & Svensson 2012 ). Since Sweden is a country, which in many ways is similar to Denmark, we focus on Swedish SP estimates and apply the additional inclusion criteria suggested in the paper. The spread then reduces to an interval between 13 to 98 million SEK (15-114 million DKK), and the variation in the Swedish VSL estimates encompasses the range of estimates found in the present study (20-57 million DKK).
Our study replicated what has been observed in the literature: that the public valuation of increased safety does not exceed private valuation. These results can be explained by the presence of negative pure altruism under coercive taxation. When potential pure altruism is excluded (in split B) a significantly higher VSL estimate is produced (56.8 million). This value is markedly higher than for the standard public valuation (A), which implies that negative pure altruism affects public valuations. That the valuation increases by 35-40% 16 when negative pure altruism is excluded from the valuation suggests that public valuations are markedly higher when only affected by safety-focused altruism, and that public valuations in this case are likely to exceed private valuations. In other words, pure altruism involving the perception of other individuals' net benefit from increased safety may play an important role and could, at least partly, explain why the literature has found private evaluations to be consistently higher than public valuations.
Importantly our study highlights that the tax structure is fundamental to the elicitation of negative pure altruistic motivation in public valuations. Negative pure altruistic preferences will only be included in valuations where payment to the public intervention is presented -or interpreted -as a coercive tax. A coercive tax is arguably a more realistic scenario than a tax payment determined individually (according to one's own WTP) as in the original model proposed by Jones-Lee (1991; 1992) and Johansson (1994) . Hence, in stated preference tasks where respondents are faced with a hypothetical tax payment, the interpretation will most likely be that the real life payment vehicle will be coercive tax, and this -as we have shown in our theoretical model -will affect the preferences of the pure altruistic individual.
That negative pure altruism is prevalent is supported by the low valuations in the predicted valuation approach (C). That the predicted approach generates very low values, suggests that respondents wrongfully perceive that other citizens are less willing to pay for risk reductions.
A result, which is in line with the literature (Johansson-Stenman and Martinsson 2006; Carlsson et al. 2010a ). Valuations of mortality risk reductions seem to be affected by negative pure altruism, which may be generated by the wrongful perception that other individuals do not value safety initiatives as highly as one-self.
That we find evidence of pure altruism, and more specifically negative pure altruism, in stated preference tasks, is supported by a laboratory experiment conducted by Messer et al. 2013 , which provides strong evidence of pure altruism in coercive settings involving public risks. In fact, Messer et al. (2013) find that individuals with the most to gain from a riskreducing policy tend to shade their WTP downward: that is, in a public setting they express a maximum WTP that is significantly lower than for an equal reduction in private risk. This is in perfect accordance with our observation, that respondents express lower WTP when facing coercive payments and at the same time perceive their own valuations of the safety program to be higher than other citizens'. Respondents appear to be lowering their WTP to ensure that they are not forcing other individuals to pay at a level that corresponds to their own -highervaluations. Our research and the research of Messer et al. (2013) lends support to the Johannesson et al. (1996) conjecture that pure altruists consider the cost of a programme that might be imposed on others, when they express their preferences for public safety programmes.
Conclusion
We conducted a stated preference survey using identical discrete choice experiments with varying frames. We found that using a scenario, which sought to eliminate potential pure altruism generated higher valuations of safety. The prevalence of negative pure altruism was supported by the observation that respondents perceived other individuals' valuation to be lower than their own. Our results suggest that public valuations of mortality risk reductions (using coercive taxation as a payment vehicle) may underestimate the true societal value of such interventions because respondents are considering other individuals' welfare, and wrongfully perceive others' valuations to be low in which case public valuation will be biased.
